Introduction
Bacterial resistance to antibiotics has recently been considered as a "fundamental threat" to global health according to United Nations. 1, 2 Over the past ten years, it has been evident that several highly resistant bacterial pathogens have acquired effective mechanisms against different therapeutic agents. 3, 4 Staphylococcus aureus and Staphylococcus epidermidis are bacterial pathogens known as considerable points to healthcare professionals around the world. In the past eight decades, S. aureus and 
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Mahi-Birjand et al S. epidermidis have been shown to be the most prevalent multi drug resistant pathogens worldwide, 5 showing resistance to several classes of antibiotics, including macrolides, 6 fluoroquinolones, 7 β-lactam antibiotics, 8 oxazolidinones, 9 and glycopeptides. 10 Vancomycin is a glycopeptide antibiotic used as early stage of therapy for the methicillin-resistant S epidermidis, methicillin-resistant S. aureus (MRSA), and penicillinresistant enterococci. 11 Vancomycin prevents biosynthesis of the bacterial cell wall by binding to D-alanyl-D-alanine precursors. 12 The antibiotic may be promising in the prevention of healthcare-associated infections (HAIs); However, widespread and irrational use of the antibiotic has led to a few serious drawbacks. 13 The improper use of vancomycin augments various infections caused by multidrug-resistant organisms, which are correlated with adverse therapy outcomes, longer hospitalization, and higher treatment costs.
14 Reduced sensitivity to vancomycin observed in an outbreak has crucial negative effect on the staff and patients, [16] [17] [18] leading to considerable costs for healthcare. 18 Therefore, there is an urgent need for surveillance of vancomycin use for targeted interventions to deal with such troubles.
Several research studies have been published on vancomycin application both in critically ill adult and pediatric patients from developed countries. [19] [20] [21] [22] The studies identified inappropriate use of antibiotics in most of the patients and suggested strategies to reduce inappropriate prescription of antibiotics. This kind of surveillance results in antibiotic stewardship programs and appropriate use of the antibiotic. On the contrary, such data are not available in hospitals of developing countries, including Iran.
An increased incidence of vancomycin-resistant enterococcus (VRE) was highly correlated with large universityaffiliated hospitals (>200 beds). 23 The Healthcare Infection Control Practices Advisory Committee (HICPAC) developed and published recommendations to prevent and control the spread of VRE as part of the continuing efforts to decline the inappropriate use of vancomycin and in response to the rapid emergence of VRE. 24 The committee introduced statements that describe protocols considered to prevent and control HAIs, with three principal goals: protecting the healthcare workers, visitors, and others in the healthcare environment; protecting the patients; and accomplishing this in a cost-effective manner whenever possible. 25 They are informed through a systematic review of evidence, and an assessment of the benefits and harms of alternative care options. 26 In fact, the HICPAC of the Centers for Disease 
Patients and methods

Hospital setting
The present study was carried out in two university-affiliated hospitals, Valiasr and Imam Reza, with 297 and 234 beds, respectively. In this study, we studied 298 patients treated with vancomycin in Valiasr Hospital (infectious diseases, internal medicine, pediatrics, and general intensive care unit [ICU] departments) and Imam Reza Hospital (surgical, orthopedic, and surgical ICU departments). Hospital physicians have to write all antibiotic orders for standard pharmacy protocols, but there are no restrictions for antibiotic use. The pharmacy maintains a permanent computerized record of all antimicrobial agents dispensed.
Design
We conducted a retrospective study to evaluate the vancomycin prescription and usage in the hospitals.
Vancomycin use
The patient information was collected on a structured data collection sheet as follows: demographic variables (age and gender), clinical (etiology and localization of infection), laboratory, microbiological data, duration of vancomycin treatment, reasons for vancomycin prescription, prescribing ( Figure 1 ). No statistically significant difference was observed among studied wards and hospitals (P value =0.66 and 0.54, respectively) regarding appropriateness of vancomycin use based on the HICPAC criteria. It is also worth noting that 29. 21% and 62% of all patients were completely and partially recovered, respectively. Other medications used together with vancomycin are listed in Table 2 . The most common wards where vancomycin was prescribed were infection disease, ICU, and internal medicine (Table 3) . 
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Mahi-Birjand et al 27 Of note, vancomycin, daptomycin, teicoplanin (antibiotics of choice), ceftaroline, telavancin, and linezolid (alternative agents) are the most frequently used drugs for life-threatening infections. The reason why vancomycin was chosen for this study was that vancomycin is an old antibiotic used for staphylococcal infections; in addition, the antibiotic is cheaper and more accessible than other antibiotics, which is used extensively, especially in developing countries. 28, 29 Studies conducted at large universities and teaching hospitals have reported a significant increase in the frequent use of vancomycin. Some institutions reported that more resources were 
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Mahi-Birjand et al invested on vancomycin when compared with other drugs on formulary. 30, 31 Otherwise, combinations of vancomycin with other antibiotics lead to increased toxicity in the study population, as depicted in Table 4 . Vancomycin is frequently prescribed in an inappropriate manner, especially as empirical treatment. However, poor outcomes were documented for patients with MRSA bacteremia for whom appropriate therapy was delayed. In the guidelines of the Centers for Disease Control and Prevention (CDC) and the Infectious Diseases Society of America, it is strongly recommended that empirical vancomycin treatment be stopped when available culture results fail to reveal β-lactam-resistant Gram-positive bacterial infections; however, it is well known that empirical vancomycin use is inappropriately continued for a proportion of patients. 32 Several studies evaluated the pattern of use of vancomycin, most of which were conducted in developed countries, and data on the utilization of vancomycin in developing regions remain to be elusive. 33, 34 Possible explanation for this practice is that physicians may have decided to continue empirical use of vancomycin because MRSA might have not been undetected in cultures. Another reason for continuing vancomycin is convenience of use, as its spectrum covers many Gram-positive bacteria, especially in developing countries. 35 Recent investigations have described that enhanced antibiotic resistance has been associated with increased virulence of several Gram-positive pathogens. This is, in part, associated with the fact that some of these pathogens have acquired resistance to vancomycin. 31 In addition, various studies demonstrated that vancomycin use is a key determinant in the development of vancomycin-resistant pathogens. 36 Because treatment options are finite and death due to such resistant bacteria may be significantly higher in patients, 37 studies on preventive strategies of VRE appear to ameliorate the survival of the patients.
In the past two decades, several studies assessed the vancomycin use according to the indications. In those studies, investigators reported inappropriate use of vancomycin up to 65% when compared with specific institution criteria and/or CDC recommendations. 38, 39 In a recent study from Brazil, application of the same guidelines has exhibited that vancomycin use within the first 24 hours and after 72 hours was appropriate only in 34.3% and 33.0% of the patients, respectively. 40 A recent evaluation of prospective drug use in 50 patients at a private hospital in the Minneapolis-St. Paul area has reported that vancomycin use is inappropriate based on the CDC criteria in 69% of the patients. Inconsistent with aforementioned studies, 10.6% of the vancomycin orders evaluated in our hospitals were due to inappropriate indications, which is considerably lower than the rates reported from previous studies. There are several possible explanations for these different findings, including implementation of a restriction policy to prescribe in some services and educational programs on institutional prescribing patterns.
Results from studies, in Nemazee and Tabriz hospitals, showed that vancomycin was used inappropriately in 68.63% and 69.3% of the patients, respectively. In addition, some authors reported 65% of inappropriate empiric vancomycin prescription. 41 Other studies showed that 69.3% of patients received vancomycin inappropriately. Fahimi et al reported that 97.7% of their study population had inappropriate indication and dosing regimen of vancomycin and they concluded that vancomycin irrational use was high compared with other countries. 45 In a similar study, Misan et al reported that 97% of the patients receiving vancomycin for prophylaxis purposes were classified as inappropriate use. 42 Studies conducted in Western countries showed that inappropriateness in the use of vancomycin did not exceed 40% of guidelines recommendations even in the absence of restriction policies. 43 Studies showed that the interventions conducted by the clinical pharmacists and infectious diseases specialists lead to improvement of the antibiotic prescription to the hospitalized patients, subsequent promising outcomes, as well as decreased antimicrobial resistance and hospitalacquired infections. The most common interventions include implementation of guidelines and compulsory order forms, 16, 17 In our study, surprisingly, most of the inappropriate prescribing cases were observed in the infection and ICU services, demonstrating that the greatest vancomycin consumers are in these units and excessive use of vancomycin was observed in many cases. This finding is probably due, in part, to the fact that the number of patients varies in different wards, ranging from 1 (neonatal intensive care unit) to 82 (infection). The authors suggested that the initiation of vancomycin therapy should be assessed in high-use services to reduce vancomycin use. Continued intensive education for hospital personnel and monitoring will result in further improvement. For example, the restriction of antibiotic use has been also found to be effective for reducing inappropriate vancomycin use in inpatient settings. 39 Although there are several approaches for antibiotic restriction, approval by the infectious disease specialists is the most common mechanism. 44 limitations of the study There were several limitations in the present study. First, the study was a single-center study accomplished in a large university hospital. Therefore, our results might not be representative to the centers that did not share similar characteristics. Second, it is possible that our methodology for evaluating the appropriateness of vancomycin use will lead to some misclassification based on the objective criteria. This is due to the fact that our categorization should be viewed as a retrospective proxy estimate of appropriate vancomycin use, in the absence of reproducible prospective way to measure appropriateness.
Conclusion
In summary, the present study demonstrated that vancomycin was appropriately prescribed in most patients, compared with the other studies. Only 10.6% of the patients showed inappropriate vancomycin use according to the HICPAC criteria. Continued surveillance and larger patient samples, as well as multicenter studies, are recommended to overcome the limitations.
